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Abstract

Water side corrosion within copper plumbing can occur due to a wide variety of unwanted
circumstances. Through the controlled immersion of six ¾” copper tubing samples with five
utilizing a unique industry standard soldering flux, this investigation associates residual flux
deposits with the initiation of pitting in copper. Water stagnation in a copper potable water
distribution system, typically associated with an infrequently used faucet, is a condition highly
prone to copper pitting. A test apparatus designed to produce a partially stagnant flow condition
with scheduled electrolyte flushes every 3 days was developed and constructed to contain 6 test
samples for a period of 75 days. After the completion of the immersion period, each sample was
analyzed. Between the fluxes utilized, 3 conform to industry standard ASTM B813 which
contains strict parameters concerning the “flush-ability” and “non-corrosive” nature of the
residual flux remaining on the inner wall of copper tubing after soldering. Upon examination of
the samples after immersion, it was evident that the most corrosion products formed on the
samples which conformed to the standard. The remaining fluxes are petrolatum based and
therefore do not meet the water solubility constraints of ASTM B813. This disqualification
contradicted the performance of these fluxes upon initial examination. However, utilizing optical
microscopy equipment, the most severe corrosion products in terms of their potential to lead to
future damage were recognized on those samples containing fluxes which do not conform to
ASTM B813.

3

1. Introduction

1.1 Stakeholders
Stakeholders in the success of this project include residential communities, investors and
residents alike. Typically, water distribution within the private property of residential
communities is maintained by locally contracted plumbing companies and other small-scale
engineering contractors. The construction practices of these contractors can play a significant
role in the susceptibility of a copper tubing system to pitting corrosion. Other stakeholders
include the United States (US) Environmental Protection Agency (EPA) whose recent reports
into the investigation of copper pitting resulted in their statement, “There is a clear need,
therefore, to make better tools available to water utilities in order to assess the tendency of a
water to cause pitting corrosion on copper pipe.” As mentioned in the EPA statement, water
utilities are absolutely stakeholders as massive costs are incurred every year for the replacement
of corroded copper with new materials. Finally, companies that design and manufacture products
used during the joining process of copper are stakeholders as their chemical formulas could be
linked to the nucleation of pits and introduce corrosive conditions to the pipe wall.

1.2 Broader Impacts
The aim of this project is to identify existing common procedures which contribute to shortening
the lifespan of copper as used in water distribution. There are practices that contractors can
modify which would mitigate the nucleation and growth of corrosion pits and significantly
reduce the waste associated with the early replacement of copper plumbing systems. One of
these practices is the application of flux to the surface of copper tubing to ensure effective
joining during soldering. Costs incurred by residential living companies such as apartment
complexes, condominiums, and hotels are passed directly to residents. This further drives up the
cost of living for individuals in these living circumstances. When copper pitting has progressed
to its critical point, the entire depth of pipe wall has corroded. This results in slow flow leak
known as a ‘pinhole’ leak. This leak can occur behind a wall, in a ceiling, below a concrete slab,
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or anywhere copper piping is routed. The hole size of a pinhole leak can be exceptionally small,
allowing the leak to go unnoticed for long periods of time. Typically, the leak cannot be
identified until clear physical property damage has occurred which in extreme cases can result in
tens of thousands of dollars in damage. Many residential communities with copper tubing
systems over 20 years old experience pinhole leaks several times per month. The costs in quality
of life and financial means are severely detrimental to the health of residential communities and
any research with promise of mitigating these detriments is highly anticipated.

2. Background

An investigation into the correlation of the use of soldering flux in the joining of copper tubing
and downstream pitting nucleation is a relevant necessity to improve construction practices in
small-scale water distribution. Pitting corrosion is a dangerous form of corrosion within
pressurized distribution systems of any product due to its low detectability and potentially
catastrophic consequences. The presence of a small localized anode surrounded by a local
cathode produces a galvanic cell that yields corrosion products sourced exclusively from the
confined surface area of its local anode. Allowed to progress unimpeded, the corrosion product
produced by the oxidation reaction at the anode forms a ‘tubercle’, or protective cap over the
anode site. This cap shields the anodic site from flowing or stagnant product within the system
and acts as a semipermeable membrane allowing the environment in contact with the anodic site
to polarize with the progressing galvanic current. This polarization effect comes in the form of an
acidic environment within the cap associated with a measurable low pH. This acidic environment
resulting from the formation of the pit cap further increases the corrosive potential of the cell.
This effectively produced an auto-catalytic effect where pits with fully formed caps progress at a
greater rate as more effective membranes are produced. Once a pit has grown such that its depth
equals the wall thickness of its host pipe, failure occurs resulting in pressurized product
collapsing the pit cap and penetrating the wall of the pipe. Even minor leaks from fully
developed pits, resulting in pinhole leaks, can amount to colossal damages. A pinhole leak in a
wall for instance may only reveal itself once that wall begins to collapse or bow due to moisture.
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In high rise buildings, the accumulation of large pools of water behind observable areas could
eventually result in massive repair costs. Services exist to mitigate the progression of pinhole
leaks, such as the treatment of tap water distribution systems, but these methods do nothing to
determine the root cause of the corrosion. These services are effective in extending the useful life
of copper tubing distribution systems. Little investigation has been conducted in the
determination of factors that contribute to the development of pinhole leaks.

3.Methods & Materials

3.1 Methodology
To replicate the conditions under which copper tubing in tap water distribution systems is
installed, an apparatus was designed and constructed consisting of 6 isolated, parallel test
chambers each containing a copper tubing sample, enclosed within PVC infrastructure. Each
copper tubing sample was produced with reasonably identical dimensions and starting
conditions. A primary goal in the design of the apparatus was to establish control over
conditional variables and ensure that each sample received identical environmental exposure.
The nucleation and growth of corrosion products on the surface of each copper sample would be
associated with the presence of flux on the sample.

To differentiate the samples from one another, a soldered coupling was installed upstream of the
tubing length of each sample. Each sample was produced under identical conditions except for
the flux used during soldering of the coupling. Five samples utilized a unique industry standard
soldering flux while one sample acted as a control with no flux. The fluxes used in this
experiment are listed in Table 1.
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Table 1. Fluxes and associated information as used in sample distinction
Sample Designation

Flux Name

Solvent (Base
Solution)

Flux Standard

Sample 1

Oatey H-20

Glycerol

ASTM B-813

Sample 2

Oatey No. 5

Petrolatum

none

Sample 3

LA-CO

Glycerol

ASTM B-813

Sample 4

NOKORODE

Petrolatum

none

Sample 5

EverFlux

Glycerol

ASTM B-813

Sample 6

none

n/a

n/a

The apparatus constructed in this project was generic and does not infringe on any patents or
similar. Several methods of conserving water were considered for this experiment. In a report
published by the US EPA detailing an experiment with similar design, a constant flow apparatus
was employed resulting in the consumption of over 200,000 liters of water. The apparatus
utilized in this experiment is designed to mimic a frequently stagnant condition resulting in over
a 1000 percent reduction in water usage in comparison. The final design of the project apparatus
was intended to maximize its modular functionality. This means that components requiring
inspection for either functionality or a means of gathering results will be able to detach from the
apparatus. This was a critical function to allow the non-destructive insertion and removal of the
test samples from the apparatus.

The primary output data from this experiment contributed to identifying reasonably significant
differences in the corroded condition between each sample with attention to the flux utilized. The
period available for the execution of this project was relatively small thereby limiting the
immersion period to 100 days. Gathering quantitative results depended on a significant degree of
corrosion. While it was ideal to collect measurable data in the form of a pit density/distribution
analysis as well as a pit depth analysis, this was not feasible due to a relatively low degree of
corrosion progress.
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At the end of the testing period, all copper samples were removed from the apparatus for
analysis. The removal of these samples was non-destructive for both the samples and the
apparatus, so it is possible for new samples to be loaded into the apparatus for future work. A
figure of the testing apparatus shows an illustrated image of the components (Figure 1). An
enlarged drawing including labelled components appears in the Appendix as item 1.

Figure 1: Sketch of Test Apparatus pre-production
3.2 Materials
The acquisition of materials used in the manufacture of the sample test apparatus was conducted
in phases. Initially, the materials for a complete single sample row within the apparatus were
acquired to confirm the viability of the chosen design. PVC fitting selection was conducted
during this phase to minimize potential wasted materials during later build phases. At this point a
complete itemized parts list was produced and materials were sourced and stored until production
could proceed. Upon attaining the complete parts list, production was scheduled. A complete
parts list for the project is available as Appendix item 2.
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3.3 Production
Upon the receipt of all materials for manufacture, production of the test apparatus was scheduled
for a single 6 hour interval. A single production period was ideal to minimize the necessity to
store partially completed components of the apparatus where they would be most vulnerable to
damage. Detailed measuring of individual PVC sections was critical to ensure the proper fit of
apparatus components. Minimal waste materials were generated during the production of the test
apparatus.

3.4 Test Procedure
During the 100 day sample immersion period, water was flushed from each sample test chamber
once every 3 days. The immersion period occurred from January 18 to April 3rd, 2019. Each
flush consisted of a one minute period where the solenoid valve controller sequentially opened
each valve immediately downstream of the test samples. Manual valves were configured adjacent
to the solenoids allowing control of the flow rate from each sample. Each flush was configured to
result in 5 quarts of water to flow from each sample chamber. The flush procedure occurred at
6:00 am after each 3 day period. This time was selected to minimize the temperature of
replacement water which would enter the system during each flush. Minimizing the temperature
of the new electrolyte water was ideal as to maximize the presence of dissolved oxygen in the
water.

At the completion of the test period, the samples were removed from the apparatus for analysis.
Care was taken to preserve the corrosion product present on the surface of the samples upon
removal as these features would provide critical insight into the forms of corrosion which had
occurred during immersion. Initially, the water inlet valve providing supply water to the system
was closed. This was followed by the purging of pressure from the system by manually opening
the solenoid valves of each test chamber via the digital valve controller. This also allowed a low
velocity drainage of water from each test chamber resulting in negligible damage to each sample.
Once a significant amount of the water remaining in the chambers was drained, the samples were
sequentially removed from the apparatus by opening the threaded couplings at each chamber.
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Samples removed from the apparatus were dried by a low flow hot air gun and stored in dry PVC
storage modules consisting of 20” long, 1” diameter PVC tubes with caps on each end. Samples
were appropriately labelled. Care was taken to ensure the inner tubing walls of each sample were
not disturbed during handling. Nitrile gloves were worn during the entirety of the sample removal
procedure. The test apparatus during the immersion period appears below (Figure 2).

Figure 2: Test Apparatus as installed during Immersion Period
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4. Results
Upon initial visual analysis of the corroded condition of the test samples, it was clear that
distinctions existed in the manner each flux deposited and formed corrosion product on the
surface. At the macro scale, the most evident distinctions existed in the comparison of samples
1,3, and 5, in contrast to samples 2 and 4 (Refer to Table 1). With sample 6 acting as a control, it
was clear that all 5 samples utilizing a soldering flux in their upstream soldered joint resulted in
the formation of undesirable corrosion product.

Utilizing optical microscopy and macroscopic imaging equipment, classification of the corrosion
features present on the base metal surface was performed. At the macro scale, during initial
examination, it appeared that an increased observable level of discoloration and formation of
uniformly distributed corrosion products formed on samples 1,3, and 5. While this is true, it does
not mean that these samples performed less well that the others. At increased magnification, the
nature of the potential severity of the deposited oxides were identified. While samples 1,3 and 5
displayed signs of the formation of a uniform layer of deposited corrosion product (which would
lead to the interruption of existing corrosion cells), samples 2 and 4 contained clear indications of
the formation of pitting corrosion tubercles. These features commonly grow to form wall
thickness deep pits which result in expensive pinhole leaks in copper water distribution systems.

4.1 Statement on Water Quality
Attached in the appendix of this report is an analysis of the water at the test location where the
apparatus was located. The water used in the generation of this analysis was gathered during the
final week of the immersion period. The development of corrosion products and notable features
is associated with the water source used in this experiment and may not occur under different
conditions.
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4.2 Sample with No Soldering Flux
Acting as a control, sample #6 provided insight into the expected performance of copper tubing in
this experiment without the presence of any form of soldering flux. While flux was absent during
the soldering procedure, the processing of this sample was conducted identically to the samples
containing flux. At magnification, the texture of the base metal is recognizable on the sample
prior to immersion (Figure 3). After the immersion period, a macroscopic image capturing the
tubing wall region adjacent to the soldered coupling displays no significant signs of corrosion
product formation (Figure 4). A view of the base metal of the post immersion sample at a higher
magnification shows signs of uniform grey/black copper oxide corrosion product formation
(Figure 5). No signs of pitting initiation are present.

Figure 3: Pre-Immersion optical microscope image of sample 6 (no flux)
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Figure 4: Macro image of the first four inches downstream of soldered joint in sample #6 (no
flux)

Figure 5: Optical Microscope image of uncleaned surface of sample #6 (no flux)
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4.3 Oatey H-20
Oatey H-20 is a soldering flux by Oatey which claims to be water soluble and non-corrosive
when appropriately applied to its host copper tubing. This flux is certified under ASTM standard
B-813 “Standard Specification for Liquid and Paste Fluxes for Soldering of Copper and Copper
Alloy Tube”. A magnified image of the sample prior to immersion shows that the texture of the
base metal is not visible. Residual flux appears deposited on the copper surface and has formed a
green colored copper based corrosion product (Figure 6). After the immersion period, a
macroscopic image capturing the tubing wall region adjacent to the soldered coupling displays
the formation of cyan/white corrosion product, but doesn’t appear to be associated with pitting
corrosion (Figure 7). A view of the inner tubing wall at magnification on the post immersion
sample shows signs of a boundary layer formation at the interface between the uniform corrosion
product formation in the place of previous flux deposits and the base metal (Figure 8). No
distinguishable signs of pitting initiation are present.

Figure 6: Pre-Immersion optical microscope image of sample #1 (Oatey H-20)
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Figure 7: Macro image of the first four inches downstream of soldered joint in sample #1 (Oatey
H-20)

Figure 8: Optical Microscope image of uncleaned surface of sample #1 (Oatey H-20)
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4.4 LA-CO Regular Soldering Flux
LA-CO Regular Soldering Flux is a soldering flux which also claims to be water soluble and
non-corrosive when appropriately applied to its host copper tubing. Like Oatey H-20, this flux is
certified under ASTM standard B-813. A magnified image of the sample prior to immersion
shows that the texture of the base metal is visible. The non-homogeneous nature of the base metal
surface is clearly evident. Residual flux appears deposited within crevices in the base metal
surface and shows minimal discoloration or corrosion product formation (Figure 9). After the
immersion period, a macroscopic image capturing the tubing wall region adjacent to the soldered
coupling displays the formation of a blue/white corrosion product. In addition, a blue-white
coloration gradient is evident (Figure 10). A view of the inner tubing wall at magnification on the
post immersion sample shows a spectrum of features typically associated with uniform corrosion
product formation (Figure 11). No significant signs of pitting initiation are present.

Figure 9: Pre-Immersion optical microscope image of sample #3 (LA-CO)
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Figure 10: Macro image of the first four inches downstream of soldered joint in sample #3
(LA_CO)

Figure 11: Optical Microscope image of uncleaned surface of sample #3 (LA-CO)
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4.5 EverFlux
EverFlux Soldering Flux is the last of the fluxes used in this investigation which make claims to
their water solubility and non-corrosive nature against copper. Like the previous two, this flux is
certified under ASTM standard B-813. A magnified image of the sample prior to immersion
shows that the texture of the base metal is slightly visible. Residual flux appears to be partially
translucent as the manufacturing lines etched into the base metal surface during processing are
still visible. Green corrosion product had formed in the flux during this pre-immersion period
(Figure 12). After the immersion period, a macroscopic image capturing the tubing wall region
adjacent to the soldered coupling displays a primarily cyan colored corrosion product. However, a
significant green region is visible roughly 2 inches downstream of the coupling (Figure 13). A
view of the inner tubing wall at magnification on the post immersion sample shows the formation
of groupings of dimple like corrosion products (Figure 14). These features are classified as
uniform corrosion product formation and are not associated with the localized metal loss of
pitting.

Figure 12: Pre-Immersion optical microscope image of sample #5 (Everflux)
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Figure 13: Macro image of the first four inches downstream of soldered joint in sample #5
(Everflux)

Figure 14: Optical Microscope image of uncleaned surface of sample #5 (Everflux)
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4.6 Oatey No. 5
Oatey No. 5 Soldering Flux is another by Oatey and unlike H-20 does claim to conform to ASTM
standard B-813. Because the solvent used in the flux is petroleum based and is thereby not water
soluble, Oatey No. 5 does not meet the strict constraints of ASTM B-813. A magnified image of
the sample prior to immersion shows that the texture of the base metal is not visible beneath a
uniform layer of flux deposit. Residual flux in this case did not form any noticeable discoloration
associated with corrosion product formation (Figure 15). After the immersion period, a
macroscopic image capturing the tubing wall region adjacent to the soldered coupling displays
minimal discoloration or corrosion product formation (Figure 16). A view of the inner tubing wall
at magnification on the post immersion sample shows the formation of distinct tubercles,
typically associated with pitting corrosion processes (Figure 17). These features are distinctly
associated with pitting corrosion which can result in significant localized metal loss and eventual
in service failure.

Figure 15: Pre-Immersion optical microscope image of sample #2 (Oatey No. 5)
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Figure 16: Macro image of the first four inches downstream of soldered joint in sample #2 (Oatey
No. 5)

Figure 17: Optical Microscope image of uncleaned surface of sample #2 (Oatey No. 5)
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4.7 NOKORODE Regular Paste Flux
NOKORODE Regular Paste Flux is like Oatey No. 5 in that it does not claim to conform to
ASTM standard B-813. Also similar to Oatey No.5 the solvent used in this flux is petroleum
based and is thereby not water soluble. These factors make NOKORODE ineligible for ASTM
B-813 certification. A magnified image of the sample prior to immersion shows that deposited
flux grouped together upon cooling to form a bead shape unique to this sample. Dark green
discoloration of the flux in these deposits is associated with corrosion product formation. (Figure
18). After the immersion period, a macroscopic image capturing the tubing wall region adjacent
to the soldered coupling displayed some discoloration. This discoloration was significantly less
apparent than samples in accordance with ASTM B-813. Residual flux deposits are also visible in
this image (Figure 19). A view of the inner tubing wall at magnification on the post immersion
sample shows the formation of grouped tubercles like in the Oatey No. 5 sample. (Figure 20).

Figure 18: Pre-Immersion optical microscope image of sample #4 (NOKORODE)
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Figure 19: Macro image of the first four inches downstream of soldered joint in sample #4
(NOKORODE)

Figure 20: Optical Microscope image of uncleaned surface of sample #4 (NOKORODE)

23

5. Discussion
Each sample tested in this experiment produced dramatically different results. Consistent between
the samples, it is apparent that the presence of soldering flux on the surface of copper tubing does
produce a condition which promotes the formation of copper based corrosion products in one
form or another. While evidently damaging to the surface of the base metal in this experiment,
fluxes are necessary in the joining process of copper tubing and provide a variety of benefits to
ensure a clean, water-tight seal at the Cu-Cu interface between joined sections. Without flux, no
capillary action of the solder would occur, drawing it into the coupling interface. So while solder
is necessary to produce an effective seal during joining, residual flux must be removed to the
greatest extent possible. This will ensure that undesirable corrosion products do not form.

Between the test fluxes, two distinct categories exist. Three samples (Oatey H-20, LA-CO
Regular Soldering Flux, and EverFlux) are glycerol based and conform to ASTM standard B-813,
while two (Oatey No. 5 and NOKORODE) are petrolatum based and do not conform to ASTM
B-813. The solvent used in each group of fluxes should not contribute to the performance of the
products, however the chemical compositions of each flux are similar. Considering the
performance of the test apparatus, it can be assumed that the immersion environment encountered
by each sample was reasonably identical. As evident on the surface of the NOKORODE sample,
residual flux deposits were possible on those fluxes with non-water-soluble solvents. Considering
the significant velocity water travelled through the tubing, it could be that the geometry of a pit
tubercle could not survive in the turbulent environment of flow during flushes. The petroleum
would have provided a low viscosity acidic environment isolated from the surrounding water
allowing the growth and deposit of a pit tubercle. As seen in the Oatey No. 5 sample, initial
residual flux left over from soldering was slowly washed away over time. At this point, pit
tubercles had nucleated and fully developed, leading to the progression of their cells. This was
not possible in the glycerol based fluxes as any incubating environment provided by the glycerol
was removed when the majority of the residual flux was washed away with the first flush.
Remaining corrosion product on these sample would not evolve to form pitting.
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6. Conclusions
Upon completion of this investigation, it is evident that residual flux remaining on the surface of
copper tubing after joining procedures can cause the formation of undesirable corrosion products.
In future work, it would be ideal to lengthen the immersion period of copper samples to produce a
relatively more distinct as corroded condition between samples. Producing measurable,
quantitative data concerning the progression of pit growth within samples would be the top
priority of future work. The following conclusions can be drawn from the results of this
investigation.
● Test apparatus functioned as designed producing a consistent exposure environment
between samples over test period.
● Uniform corrosion product deposit is more desirable than pit initiation as a result of
residual flux.
● Residual flux on inner tubing wall after soldering increases tendency to form undesirable
corrosion products.
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Item 1 : Labelled Drawing of Apparatus
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Item 2 : Parts List
No.
HD Part No.

Part Name

Used

044376285067

UNVRSL PARTS 82 IN PREM GRILL CVR

1

033287165858

3/16 IN RYOBI SPEEDLOAD+ MASONRY BIT

638060080016

Total Cost

Total Cost w/ Tax

$39.97

$39.97

$43.09

1

$7.93

$7.93

$8.55

SCOTCH 88 VINYL ELEC TAPE

1

$4.27

$4.27

$4.60

707392488231

TTN 1/4 X 3-1/4 HEX CONCRETE SCREWS (8)

1

$4.37

$4.37

$4.71

n/a

FENDER WASHER ZINC 1/4

8

$0.13

$1.04

$1.12

754826200488

1/2" X 10' PVC40 PE PIPE

1

$2.31

$2.31

$2.49

754826200495

3/4" X 10' PVC40 PE PIPE

1

$2.85

$2.85

$3.07

662386010679

3/4" X 10' RDG TYPE M RED COPPER

1

$17.24

$17.24

$18.59

616013120255

12 G EGALV STRUT CHANNEL X 10'

1

$22.58

$22.58

$24.35

731161026843

HOMER 19" TOOL BOX

1

$8.97

$8.97

$9.67

820909997450

HUSKY 1-1/4" RATCHETING PVC CUTTER

1

$12.98

$12.98

$13.99

039923397751

3/4" COPPER COUPLING

1

$14.70

$14.70

$15.85

014045324977

BERNZOMATIC TS8000 TORCH KIT

1

$54.97

$54.97

$59.27

038753290256

1LB LEAD FREE SILVER SOLDER

1

$24.93

$24.93

$26.88

820909997351

RETRACTABLE UTILITY KNIFE

1

$1.98

$1.98

$2.13

078864177329

1/2" X 520" PTFE THRD SEAL TAPE

2

$1.48

$2.96

$3.19

037103296979

HUSKY 10 PC FILE SET

1

$9.97

$9.97

$10.75

049081133108

1" X 3/4" PVC BUSHING SPGXS

13

$0.91

$11.83

$12.75

820633976301

1" PVC UNION SLIPXSLIP SCH80

12

$5.36

$64.32

$69.35

049081645229

1/2" PVC TEE SXSXS 10 PACK

1

$3.09

$3.09

$3.33

038753302485

8OZ PVC CEMENT/PRIMER COMBO

1

$8.76

$8.76

$9.44

049081147525

3/4" X 1/2" PVC TEE SXSXFPT

2

$1.14

$2.28

$2.46

032888071339

1/2" PVC BALL VLV <A>

1

$2.78

$2.78

$3.00

049081140649

3/4" EL 90D SXS

1

$0.42

$0.42

$0.45

049081142346

3/4" PVC STREET EL 90D

2

$1.47

$2.94

$3.17

049081134464

1" X 3/4" PVC BUSHING SPGXFPT

1

$0.94

$0.94

$1.01

046878380998

3/4" X 4" RISER

9

$0.68

$6.12

$6.60

032888076334

1/2" PVC BALL VALVE SLIP SCH40

6

$2.52

$15.12

$16.30

049081645281

3/4" PVC TEE SXSXS 10 PACK

1

$4.16

$4.16

$4.49

046878572805

3/4" INLINE VALVE ORBIT

6

$13.47

$80.82

$87.14

616013108055

PIPE CLAMP STRUT SILVER 3/4" EA

9

$1.54

$13.86

$14.94

046878380813

1/2" X CLOSE RISER

4

$0.38

$1.52

$1.64

049081131760

3/4" X 1/2" PVC MALE ADAPTER MPTXS

6

$0.73

$4.38

$4.72

049081134365

3/4" X 1/2" PVC BUSHING SPGXFPT

4

$0.83

$3.32

$3.58

049081140625

1/2" PVC EL 90D SXS

2

$0.46

$0.92

$0.99

032886918353

14 STRANDED THHN GREEN - 50 FT

1

$12.17

$12.17

$13.12

616013128534

12 GAUGE STRUT END CAP 2-PACK

3

$2.94

$8.82

$9.51

29

Unit Cost

Notes

teflon tape

6 TOTAL

616013108185

HEX HEAD BOLT SILVER 1/2" PK/5

2

$4.94

$9.88

$10.65

075114013864

1/2 STRUT HEX NUT

1

$2.34

$2.34

$2.52

616013108291

BRACKET CORNER ANGLE 4-HOLE SILVER

2

$2.44

$4.88

$5.26

N/A

CUT WASHERS 1/2 IN

9

$0.22

$1.98

$2.13

616013128794

2' 12GAUGE ELECTROGALVANIZE STRUT CH

2

$9.74

$19.48

$21.00

026703055109

10 QT ALL PURP MIXING CONTAINER

1

$3.64

$3.64

$3.92

026703552202

5 QT HDX MIXING CONTAINER

1

$2.57

$2.57

$2.77

046609273186

EMPIRE 18" STAINLESS STEEL STIFF RULER

1

$8.49

$8.49

$9.15

731919238511

GREASE MONKEY 40 DISPOSABLE NITRILE

1

$4.97

$4.97

$5.36

042206143518

METAL DOUBLE FEMALE ADAPTER

1

$1.99

$1.99

$2.15

033287172559

RYOBI IMPACT DRIVING KIT 18PC

1

$5.97

$5.97

$6.44

033287167852

RYOBI 18V COMPACT DRILL KIT

1

$79.00

$79.00

$85.18

046878578968

6 ZONE IN/OUT CONTROLLER ORBIT

1

$49.97

$49.97

$53.88

781756626347

16/3 50' GREEN LANDSCAPE EXT CORD

1

$14.97

$14.97

$16.14

078627588812

5/8" X 25' ELEMENT FLEXRITE HOSE

2

$15.47

$30.94

$33.36

049081130466

3/4" PVC FEMAILE ADAPTER SXPFT

2

$0.63

$1.26

$1.36

032888181786

3/4" NOKINK HOSEBIB 1/4 TURN MPT

1

$12.22

$12.22

$13.18

049081130381

1/2" PVC FEMALE ADAPTER SXFPT

2

$0.65

$1.30

$1.40

783250792955

CE WINGED WIRE CONNECTORS-GREEN-15

1

$2.58

$2.58

$2.78

032888181779

1/2" NOKINK HOSEBIB 1/2 TURN MPTXSWT

1

$10.98

$10.98

$11.84

076174205510

DEWALT 12" BIMTL HACKSAW BLADES 18 T

1

$3.19

$3.19

$3.44

820909060093

CE 8" MULTI-PURP WIRING TOOL LONG NS

1

$12.97

$12.97

$13.98

783250792979

CE STANDARD WIRE CONCTRS-BLUE-30 PK

1

$2.71

$2.71

$2.92

045242362226

MKE 12 INCH HIGH TENSION HACKSAW

1

$19.97

$19.97

$21.53

0000-154-183 WIRE

18-7 UL SPRINKLER WIRE BURIAL 1 FT

40

$0.71

$28.40

$30.62

754826200501

PVC 40 PE PIPE 1" x 10'

1

$4.16

$4.16

$4.49

049081145286

3/4" PVC TEE

2

$0.58

$1.16

$1.25

049081136826

1" PVC CAP SLIP

12

$0.78

$9.36

$10.09

37064147198

HDX NYLON MINI WIRE BRUSH 3 PK

2

$3.97

$7.94

$8.56

21709370553

32OZ SPRAY BOTTLE

1

$3.78

$3.78

$4.08

50276982883

TTL 20-22" BLACK ARCHITECT DESK LAMP

1

$24.47

$24.47

$26.38

1AAZ6

Pipe,Schedule 40,PVC,1 In,8 Feet Long

2

$21.40

$42.80

$46.15

35ZY68

Spring Swing Check Valve,PVC,3/4",Slip

7

$4.20

$29.40

$31.70

GRAINGER Part No.

Total Project
Cost

30

$1,015.97

hose bib

BSK Associates Laboratory Fresno
1414 Stanislaus St
Fresno, CA 93706
559-497-2888 (Main)
559-485-6935 (FAX)

A9D3246
5/06/2019
Invoice: A911809

Caitlin Galloway
Abalone Coast Analytical, Inc.
141 Suburban, Suite C-1
San Luis Obispo, CA 93401
RE: Report for A9D3246 Main Project - e COC MCL (Non-EDT)

Dear Caitlin Galloway,
Thank you for using BSK Associates for your analytical testing needs . In the following pages, you will
find the test results for the samples submitted to our laboratory on 4/25/2019. The results have been
approved for release by our Laboratory Director as indicated by the authorizing signature below.
The samples were analyzed for the test(s) indicated on the Chain of Custody (see attached) and the
results relate only to the samples analyzed. BSK certifies that the testing was performed in
accordance with the quality system requirements specified in the 2009 TNI Standard. Any deviations
from this standard or from the method requirements for each test procedure performed will be
annotated alongside the analytical result or noted in the Case Narrative. Unless otherwise noted, the
sample results are reported on an “as received” basis.
This certificate of analysis shall not be reproduced except in full, without written approval of the laboratory.

If additional clarification of any information is required, please contact your Project Manager,
Michelle Croft , at 559-497-2888.
Thank you again for using BSK Associates. We value your business and appreciate your loyalty .
Sincerely,

Michelle Croft, Project Manager

Accredited in Accordance with NELAP
ORELAP #4021-009
The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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A9D3246
Main Project - e COC MCL (Non-EDT)

Case Narrative
Invoice Details

Project and Report Details
Client:
Report To:
Project #:
Received:
Report Due:

Abalone Coast Analytical, Inc.
Caitlin Galloway
19-2428 Daniel Benham
4/25/2019 - 10:20
5/09/2019

Invoice To: Abalone Coast Analytical, Inc.
Invoice Attn: Caitlin Galloway
Project PO#: -

Sample Receipt Conditions
Cooler:

Initial receipt at BSK-FAL

Default Cooler

Data Qualifiers
The following qualifiers have been applied to one or more analytical results:
***None applied***

Report Distribution
Recipient(s)

Report Format

Caitlin Galloway (reports)

MCL.RPT

CC:

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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A9D3246
Main Project - e COC MCL (Non-EDT)
19-2428 Daniel Benham

Certificate of Analysis
Sample Date - Time: 04/24/19 - 12:00
Matrix: Drinking Water
Sample Type: Grab

Sample ID: A9D3246-01
Sampled By: Daniel Benham
Sample Description: Westmont Ave. SR

BSK Associates Laboratory Fresno
General Chemistry
RL

Units

RL
Mult

92

3.0

mg/L

1

A905663 04/25/19

04/25/19

92

3.0

mg/L

1

A905663 04/25/19

04/25/19

SM 2320B

ND

3.0

mg/L

1

A905663 04/25/19

04/25/19

Hydroxide as CaCO3

SM 2320B

ND

3.0

mg/L

1

A905663 04/25/19

04/25/19

pH (1)

SM 4500-H+ B

8.0

pH
Units

1

A905663 04/25/19

04/25/19

mg/L

1

A905909 04/30/19

05/03/19

RL

Units

RL
Mult

1

A905822 04/30/19

05/01/19

1

A905822 04/30/19

05/01/19

Analyte

Method

Alkalinity as CaCO3

SM 2320B

Bicarbonate as CaCO3

SM 2320B

Carbonate as CaCO3

pH Temperature in °C
Total Dissolved Solids

Result

MCL

Batch

Prepared

Analyzed

Qual

24.0

SM 2540C

190

5.0

Metals
Analyte

Method

Calcium

EPA 200.7

27

0.10

mg/L

Hardness as CaCO3

SM 2340B

120

0.41

mg/L

Magnesium

EPA 200.7

13

0.10

mg/L

Result

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.

MCL

Batch

Prepared

Analyzed

Qual
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A9D3246
Main Project - e COC MCL (Non-EDT)

BSK Associates Laboratory Fresno
General Chemistry Quality Control Report
Analyte

Result

RL

Units

Spike

Source

Level

Result

%REC
%REC

Limits

RPD

Date

RPD Limit Analyzed Qual

SM 2320B - Quality Control
Batch: A905663

Prepared: 4/25/2019

Prep Method: Method Specific Preparation

Analyst: CEG

Blank (A905663-BLK1)
Alkalinity as CaCO3

ND

3.0

mg/L

04/25/19

Bicarbonate as CaCO3

ND

3.0

mg/L

04/25/19

Carbonate as CaCO3

ND

3.0

mg/L

04/25/19

Hydroxide as CaCO3

ND

3.0

mg/L

04/25/19

95

3.0

mg/L

100

ND

95

80-120

96

3.0

mg/L

100

ND

96

80-120

Blank Spike (A905663-BS1)
Alkalinity as CaCO3

04/25/19

Blank Spike Dup (A905663-BSD1)
Alkalinity as CaCO3

1

20

04/25/19

Duplicate (A905663-DUP1), Source: A9D3224-03
Alkalinity as CaCO3

24

3.0

mg/L

24

2

10

04/25/19

Bicarbonate as CaCO3

24

3.0

mg/L

24

2

10

04/25/19

Carbonate as CaCO3

ND

3.0

mg/L

ND

10

04/25/19

Hydroxide as CaCO3

ND

3.0

mg/L

ND

10

04/25/19

SM 2540C - Quality Control
Batch: A905909

Prepared: 4/30/2019

Prep Method: Method Specific Preparation

Analyst: DEP DEH

Blank (A905909-BLK1)
Total Dissolved Solids

ND

5.0

mg/L

05/03/19

990

5.0

mg/L

5.0

mg/L

490

1

10

05/03/19

5.0

mg/L

1000

2

10

05/03/19

Blank Spike (A905909-BS1)
Total Dissolved Solids

1000

ND

99

70-130

05/03/19

Duplicate (A905909-DUP1), Source: A9D3132-02
Total Dissolved Solids

480

Duplicate (A905909-DUP2), Source: A9D3298-01
Total Dissolved Solids

1000

SM 4500-H+ B - Quality Control
Batch: A905663

Prepared: 4/25/2019

Prep Method: Method Specific Preparation

Analyst: CEG

Duplicate (A905663-DUP1), Source: A9D3224-03
pH (1)

7.71

pH Units

7.71

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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A9D3246
Main Project - e COC MCL (Non-EDT)

BSK Associates Laboratory Fresno
Metals Quality Control Report
Analyte

Result

RL

Units

Spike

Source

Level

Result

%REC
%REC

Limits

RPD

Date

RPD Limit Analyzed Qual

EPA 200.7 - Quality Control
Batch: A905822

Prepared: 4/30/2019

Prep Method: EPA 200.2

Analyst: mds

Blank (A905822-BLK2)
Calcium

ND

0.10

mg/L

05/01/19

Magnesium

ND

0.10

mg/L

05/01/19

Calcium

3.8

0.10

mg/L

4.0

ND

95

85-115

05/01/19

Magnesium

3.8

0.10

mg/L

4.0

ND

95

85-115

05/01/19

Calcium

3.6

0.10

mg/L

4.0

ND

91

85-115

4

20

05/01/19

Magnesium

3.6

0.10

mg/L

4.0

ND

91

85-115

5

20

05/01/19

Blank Spike (A905822-BS2)

Blank Spike Dup (A905822-BSD2)

Matrix Spike (A905822-MS3), Source: A9D3246-01
Calcium

31

0.10

mg/L

4.0

27

90

70-130

05/01/19

Magnesium

16

0.10

mg/L

4.0

13

75

70-130

05/01/19

Matrix Spike (A905822-MS4), Source: A9D3404-03
Calcium

73

0.10

mg/L

4.0

69

106

70-130

05/01/19

Magnesium

14

0.10

mg/L

4.0

9.9

102

70-130

05/01/19

Matrix Spike Dup (A905822-MSD3), Source: A9D3246-01
Calcium

30

0.10

mg/L

4.0

27

74

70-130

2

20

05/01/19

Magnesium

16

0.10

mg/L

4.0

13

71

70-130

1

20

05/01/19

Matrix Spike Dup (A905822-MSD4), Source: A9D3404-03
Calcium

72

0.10

mg/L

4.0

69

81

70-130

1

20

05/01/19

Magnesium

13

0.10

mg/L

4.0

9.9

89

70-130

4

20

05/01/19

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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A9D3246
Main Project - e COC MCL (Non-EDT)

Certificate of Analysis
Notes:
·
·
·

·
·

·

·
·
·
·
·

The Chain of Custody document and Sample Integrity Sheet are part of the analytical report.
Any remaining sample(s) for testing will be disposed of according to BSK's sample retention policy unless other arrangements are made in
advance.
All positive results for EPA Methods 504.1 and 524.2 require the analysis of a Field Reagent Blank (FRB) to confirm that the results are not
a contamination error from field sampling steps. If Field Reagent Blanks were not submitted with the samples, this method requirement has
not been performed.
Samples collected by BSK Analytical Laboratories were collected in accordance with the BSK Sampling and Collection Standard Operating
Procedures.
J-value is equivalent to DNQ (Detected, not quantified) which is a trace value. A trace value is an analyte detected between the MDL and the
laboratory reporting limit. This result is of an unknown data quality and is only qualitative (estimated). Baseline noise, calibration curve
extrapolation below the lowest calibrator, method blank detections, and integration artifacts can all produce apparent DNQ values, which
contribute to the un-reliability of these values.
(1) - Residual chlorine and pH analysis have a 15 minute holding time for both drinking and waste water samples as defined by the EPA and
40 CFR 136. Waste water and ground water (monitoring well) samples must be field filtered to meet the 15 minute holding time for dissolved
metals.
Field tests are outside the scope of laboratory accreditation and there is no certification available for field testing.
Summations of analytes (i.e. Total Trihalomethanes) may appear to add individual amounts incorrectly, due to rounding of analyte values
occurring before or after the total value is calculated, as well as rounding of the total value.
RL Multiplier is the factor used to adjust the reporting limit (RL) due to variations in sample preparation procedures and dilutions required for
matrix interferences.
Due to the subjective nature of the Threshold Odor Method , all characterizations of the detected odor are the opinion of the panel of
analysts. The characterizations can be found in Standard Methods 2170B Figure 2170:1.
The MCLs provided in this report (if applicable) represent the primary MCLs for that analyte.

Definitions
mg/L:
mg/Kg:
µg/L:
µg/Kg:
%:
NR:

Milligrams/Liter (ppm)
Milligrams/Kilogram (ppm)
Micrograms/Liter (ppb)
Micrograms/Kilogram (ppb)
Percent
Non-Reportable

MDL:
RL:
ND:
pCi/L:
RL Mult:
MCL:

Method Detection Limit
Reporting Limit: DL x Dilution
None Detected below MRL/MDL
PicoCuries per Liter
RL Multiplier
Maximum Contaminant Limit

MDA95:
MPN:
CFU:
Absent:
Present:
U:

Min. Detected Activity
Most Probable Number
Colony Forming Unit
Less than 1 CFU/100mLs
1 or more CFU/100mLs
The analyte was not detected at or
above the reported sample quantitation
limit.

Please see the individual Subcontract Lab's report for applicable certifications.

BSK is not accredited under the NELAP program for the following parameters:

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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A9D3246
Main Project - e COC MCL (Non-EDT)

Certificate of Analysis
Certifications:

Please refer to our website for a copy of our Accredited Fields of Testing under each certification.

Fresno
State of California - ELAP

1180

State of Hawaii

4021

Los Angeles CSD

9254479

NELAP certified

4021-011

State of Nevada

CA000792019-1

State of Oregon - NELAP

4021-011

EPA - UCMR4

CA00079

State of Washington

C997-19a

Sacramento
State of California - ELAP

2435

San Bernardino
State of California - ELAP

2993

Los Angeles CSD

9254478

NELAP certified

4119-003

State of Oregon - NELAP

4119-003

NELAP certified

WA100008-011

State of Oregon - NELAP

WA100008-011

State of Washington

C824-18b

Vancouver

The results in this report apply to the samples analyzed in
accordance with the chain of custody document. This
analytical report must be reproduced in its entirety.
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